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Introduction
Angiopoietin-1 (Ang1) has been identified as a secreted protein ligand of tyrosine kinase with immunoglobulin and EGF homology domain 2 (Tie2) (Yancopoulos et al., 2000) . Tie2 is a member of the receptor tyrosine kinase family and expressed predominantly on vascular endothelial cells, early hematopoietic cells, and their embryonic precursors (Jones et al., 2001) . Ang1-and Tie2-deficient mice have similar phenotypes characterized by embryonic lethality with severe vascular remodeling defects, insufficient vessel stabilization, and perturbed vascular maturation (Suri et al., 1996) . In addition, Ang1 can counteract VEGFinduced side effects while having an additive effect on vessel formation (Chae et al., 2000) . These observations have suggested that Ang1 has potential therapeutic applications in inducing angiogenesis, enhancing endothelial cell survival, and preventing vascular leakage. Ang1 also reduces cytokine-induced expression of intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), E-selectin, and tissue factor, all of which are implicated in the activation of endothelial cells and leukocyte adhesion and migration in inflammation . However, production of Ang1 is hindered by aggregation and insolubility resulting from disulfide-linked higher-order structures. Recently, we have developed a soluble, stable, and potent Ang1 variant, COMP-Ang1 (Cho et al., 2004) . To create this protein, the N-terminal portion of Ang1 was replaced with the short coiled-coil domain of cartilage oligomeric matrix protein (COMP). COMP-Ang1 is more potent than native Ang1 in phosphorylating the Tie2 receptor and Akt in primary cultured endothelial cells. Thus, COMPAng1 is an effective alternative to native Ang1 for therapeutic application in vivo.
Oxidative stress is caused by a large variety of free oxygen radicals (e.g. superoxide anion and hydroxyl radicals) and oxygen derivatives (e.g. hydrogen peroxide, hypochlorous acid, peroxynitrite, and ozone) known as reactive oxygen species (ROS) (Henricks and Nijkamp, 2001 ). ROS play a crucial role in the pathogenesis of various lung disorders such as asthma, chronic obstructive pulmonary diseases, idiopathic pulmonary fibrosis, acute lung injury, and acute respiratory distress syndrome (Henricks and Nijkamp, 2001) . When lung tissues are exposed to oxidative stress, enhanced levels of ROS can induce a variety of deleterious effects thereby inducing pathophysiological conditions. ROS can lead to endothelial barrier dysfunction with subsequent increased permeability to fluids, macromolecules, and inflammatory cells (Henricks and Nijkamp, 2001 ). Very recently, we have reported that ROS increased VEGF levels closely correlated with vascular permeability and that administration of antioxidants markedly reduced the increased vascular permeability and VEGF levels, resulting in lung inflammation/injury in hydrogen peroxide (H 2 O 2 )-inhaled mice (Lee et al., 2006) . However, no data are available on the role of COMP-Ang1 in ROS-induced acute lung injury.
In the present study, we have used a mouse model for H 2 O 2 -induced acute lung injury to investigate effects of COMP-Ang1 on ROS-induced acute lung injury. We have found that an Ang1 variant, COMP-Ang1 reduced the pathophysiological symptoms of acute lung injury in H 2 O 2 -inhaled mice. These findings suggest that COMP-Ang1 can be used as a therapeutic agent in acute lung injury.
Materials and Methods

Animals and experimental protocol
Female BALB/c mice, 8 to 10 wk of age and free of murine specific pathogens, were obtained from the Orientbio Inc. (Seongnam, Korea), were housed throughout the experiments in a laminar flow cabinet and maintained on standard laboratory chow ad libitum. All experimental animals used in this study were under a protocol approved by the Institutional Animal Care and Use Committee of the Chonbuk National University. The care and use of laboratory animals in this study were conformed to NIH guideline (National Institutes of Health, 1985) . Mice were nebulized for 15 min with an aerosol of 3% (wt/vol) H 2 O 2 (Junsei Chemical Co., Tokyo, Japan) in saline (or with saline as a control) using an ultrasonic nebulizer (NE-U12, Omron, Japan) as described previously (Lee et al., 2006) . H 2 O 2 was administered three times at 24-h intervals. Bronchoalveolar lavage (BAL) was performed at 12 h after the last inhalation. At the time of lavage, the mice (7 mice in each group) were sacrificed with an overdose of pentobarbital sodium (100 mg/kg of body wt, administered i.p.). The chest cavity was exposed to allow for expansion, after which the trachea was carefully intubated and the catheter was secured with ligatures. Prewarmed 0.9% NaCl solution was slowly infused into the lungs and withdrawn. The collected solutions were pooled and kept at 4 o C. An aliquot of each pool was then centrifuged, and the supernatants were kept at -70 o C until use.
Administration of COMP-Ang1
We have produced COMP-Ang1 as previously described (Cho et al., 2004) . COMP-Ang1 (0.5 or 1 mg/kg) suspended in PBS (vehicle control) was administered i.v. three times to each treated animal at 24-h intervals, beginning 2 h before the first inhalation with H2O2.
Measurement of plasma exudation
To assess lung permeability, Evans blue dye (EBD) was dissolved in 0.9% saline at a final concentration of 5 mg/ml. Animals were weighed and injected with 20 mg/kg EBD in the tail vein. After 30 min, the animals were killed and their chests were opened. Normal saline containing 5 mM EDTA was perfused through the aorta until all venous fluid returning to the opened right atrium was clear. Lungs were removed and weighed wet. EBD was extracted in 2 ml formamide kept in a water bath at 60 o C for 3 h and the absorption of light at 620 nm was measured using a spectrophotometer (Eppendorf Biophotometer, Hamburg, Germany). The dye extracted was quantified by interpolation against a standard curve of dye concentration in the range of 0.01-10 μg/ml and is expressed as ng of dye/mg of wet lung.
Histology
At 12 h after the last inhalation, lungs were removed from the mice after sacrifice. Before the lungs were removed, the lungs and trachea were filled intratracheally with a fixative (0.8% formalin, 4% acetic acid) using a ligature around the trachea. Lung tissues were fixed with 10% (vol/vol) neutral buffered formalin. The specimens were dehydrated and embedded in paraffin. For histological examination, 4-μm sections of fixed embedded tissues were cut with a Leica model 2165 rotary microtome (Leica, Nussloch, Germany), placed on glass slides, deparaffinized, and stained sequentially with hematoxylin 2 and eosin-Y (RichardAllan Scientific, Kalamazoo, MI).
Western blot analysis
Lung tissues were homogenized in the presence of protease inhibitors to obtain extracts of lung proteins. Protein concentrations were determined using Bradford reagent (Bio-Rad Laboratories Inc., Hercules, CA). Samples were loaded onto an SDS-PAGE gel. After electrophoresis, separated proteins were transferred to PVDF membranes (GE Healthcare, Little Chalfont, Buckinghamshire, U.K.) by the wet transfer method (250 mA, 90 min). Nonspecific sites were blocked with 5% non-fat milk in Tris-buffered saline Tween 20 (TBST; 25 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.1% Tween 20) for 2 h, and the blots were then incubated with an anti-TNF-α Ab (R&D Systems, Inc. Minneapolis, MN), anti-IL-1β Ab (R&D Systems), anti-IL-4 Ab (Serotec Ltd, Oxford, United Kingdom), anti-ICAM-1 Ab (Santa Cruz Biotechnology, Santa Cruz, CA), anti-VCAM-1 Ab (Santa Cruz Biotechnology), anti-VEGF Ab (Santa Cruz Biotechnology), anti-Akt Ab (Cell Signaling Technology Inc., Beverly, MA), or anti-phosphorylated Akt (p-Akt) Ab (Cell Signaling Technology Inc.) overnight at 4 o C. Anti-rabbit or anti-mouse HRP-conjugated IgG was used to detect binding of the Ab. The binding of the specific Ab was visualized by exposing to photographic film after treating with enhanced chemiluminescence system reagents (GE Healthcare).
Measurement of cytokines and VEGF in BAL fluids
Levels of IL-1β, TNF-α, IL-4, and VEGF were quantified in the supernatants of BAL fluids by enzyme immunoassays according to the manufacturer's protocols (IL-1β, TNF-α, and IL-4, Endogen, Inc., Woburn, MA; VEGF, R&D Systems, Inc.). The minimum detectable level of mouse IL-1β, TNF-α, IL-4, and VEGF assays were 3, 10, 5, and 3 pg/ml, respectively. Cytosolic or nuclear protein extractions for analysis of hypoxia inducible factor (HIF)-1α, HIF-1β, and NF-κB p65
Lungs were removed and homogenized in 2 vol of buffer A (50 mM Tris-HCl, pH 7.5, 1 mM EDTA, 10% glycerol, 0.5 mM DTT, 5 mM MgCl2, and 1 mM PMSF) containing a protease inhibitor cocktail. The homogenates were centrifuged at 1,000 × g for 15 min at 4 o C. The supernatants collected were incubated on ice for 10 min and centrifuged at 100,000 × g for 1 h at 4 o C to obtain cytosolic proteins for analysis of NF-κB p65. The pellets were washed twice in buffer A and resuspended in buffer B (1.3 M sucrose, 1.0 mM MgCl2, and 10 mM potassium phosphate buffer, pH 6.8) and pelleted at 1,000 × g for 15 min. The pellets were suspended in buffer B with a final sucrose concentration of 2.2 M and centrifuged at 100,000 × g for 1 h. The resulting pellets were washed once with a solution containing 0.25 M sucrose, 0.5 mM MgCl2, and 20 mM Tris-HCl, pH 7.2, and centrifuged at 1,000 × g for 10 min. The pellets were solubilized with a solution containing 50 mM Tris-HCl (pH 7.2), 0.3 M sucrose, 150 mM NaCl, 2 mM EDTA, 20% glycerol, 2% Triton X-100, 2 mM PMSF, and a protease inhibitor cocktail. The mixture was kept on ice for 1 h with gentle stirring and centrifuged at 12,000 × g for 30 min. The resulting supernatants were used as soluble nuclear proteins for analysis of HIF-1α, HIF-1β, and NF-κB p65. The levels of these proteins were analyzed by Western blotting using Ab against HIF-1α (Novus Biologicals Inc., Littleton, CO), HIF-1β (Novus Biologicals Inc.), or NF-κB p65 (Upstate Biotech, Lake Placid, NY) as described above.
Measurement of phosphoinositide 3-kinase (PI3K) enzyme activity in lung tissues
Whole lung tissues were homogenized in the presence of protease inhibitors to obtain extracts of lung proteins, as previously reported (Kwak et al., 2003) . Protein concentrations were determined using Bradford reagent (Bio-Rad Laboratories Inc.). The amount of phosphatidyl inositol-3,4,5-triphosphate (PIP3) produced was quantified by a PIP3 competition enzyme immunoassay according to the manufacturer's protocol (Echelon, Inc., Salt Lake City, UT). The enzyme activity was expressed as pmol PIP3 produced by 1 ml of lung tissue extracts containing equal amounts of total protein.
Determination of airway responsiveness to methacholine
Airway responsiveness was assessed as a change in airway function after challenge with aerosolized methacholine via airways, as described elsewhere (Takeda et al., 1997) . Anesthesia was achieved with 80 mg/kg of pentobarbital sodium injected i.p.. The trachea was then exposed through midcervical incision, tracheostomized, and an 18-gauge metal needle was inserted. Mice were connected to a computer-controlled small animal ventilator (flexiVent, SCIREQ, Montreal, Canada). The mouse was quasi-sinusoidally ventilated with nominal tidal volume of 10 ml/kg at a frequency of 150 breaths/min and a positive end-expiratory pressure of 2 cm H 2 O to achieve a mean lung volume close to that during spontaneous breathing. This was achieved by connecting the expiratory port of the ventilator to water column. Before methacholine challenge, an aerosol of saline was given to obtain baseline of airway responsiveness in each group. Methacholine aerosol was generated with an in-line nebulizer and administered directly through the ventilator. To determine the differences in airway response to methacholine, each mouse was challenged with methacholine aerosol in increasing concentrations (2.5 to 50 mg/ml in saline). After each methacholine challenge, the data of respiratory system resistance (R rs ) was continuously collected. Maximum values of R rs were selected to express changes in airway function which was represented as a percentage change from baseline after saline aerosol. 
Densitometric analyses and statistics
All immunoreactive and phosphorylative signals were analyzed by densitometric scanning (Gel Doc XR, Bio-Rad Laboratories Inc.). Data are expressed as mean ± SEM. Statistical comparisons were performed using one-way ANOVA followed by the Scheffe's test. Pearson's correlation was calculated to assess the correlation between data. Significant differences between two groups were determined using t test. Statistical significance was set at P ＜ 0.05.
Results
Effect of COMP-Ang1 on VEGF protein expression in BAL fluids and lung tissues of H 2 O 2 -inhaled mice
Western blot analysis revealed that levels of VEGF protein in lung tissues were increased significantly at 12 h after the last inhalation of H 2 O 2 compared with the levels in the control mice ( Figure 1A and B). The increased VEGF levels were decreased significantly by the administration of COMP-Ang1. Consistent with the results obtained from the Western blot analysis, enzyme immunoassay revealed that levels of VEGF protein in BAL fluids were increased at 12 h after the last inhalation of H 2 O 2 compared with the levels in the control mice ( Figure 1C) . The increased VEGF levels were decreased significantly by the administration of COMP-Ang1.
Effect of COMP-Ang1 on plasma extravasation and correlation between levels of VEGF protein in BAL fluids and plasma extravasation in H 2 O 2 -inhaled mice
The EBD assay showed that plasma extravasation was significantly increased at 12 h after the last inhalation of H 2 O 2 compared with that in the control mice ( Figure 1D ). The increase in plasma extravasation was decreased significantly by the administration of COMP-Ang1. The levels of VEGF protein in BAL fluids correlated significantly with the levels of plasma extravasation (r = 0.588; P ＜ 0.05) ( Figure 1E ).
Effect of COMP-Ang1 on HIF-1α expression in nuclear protein extracts from lung tissues of H 2 O 2 -inhaled mice
Western blot analysis showed that levels of HIF-1α protein in nuclear protein extracts from lung tissues were increased significantly at 12 h after the last inhalation of H2O2 compared with the levels in the control mice (Figure 2 ). The increased HIF-1α levels in nuclear protein extracts were significantly decreased by the administration of COMP-Ang1.
Effect of COMP-Ang1 on p-Akt and Akt protein expression and PI3K enzyme activity in lung tissues of H2O2-inhaled mice
We used Western blotting to evaluate the activation of Akt, p-Akt levels. Levels of p-Akt protein in the lung tissues were increased significantly at 12 h after H2O2 inhalation compared with the levels in the control mice ( Figure 3A and B) . However, no significant changes in total Akt protein levels were observed in any of the groups tested. The increased p-Akt but not Akt protein levels were significantly reduced by the administration of COMPAng1. In addition, we also measured PI3K enzyme activity using a PIP3 competition enzyme immunoassay. The PI3K activity in the lung tissues was increased significantly at 12 h after H2O2 inhalation compared with that in the control mice ( Figure 3C ). The increased PI3K activity in lung tissues at 12 h after H2O2 inhalation was significantly reduced by the administration of COMP-Ang1.
Effect of COMP-Ang1 on NF-κB p65 protein levels in lung tissues of H 2 O 2 -inhaled mice
Western blot analysis showed that levels of NF-κB p65 in nuclear protein extracts from lung tissues were increased at 12 h after H 2 O 2 inhalation compared with the levels in the control mice (Figure 4) . The increased NF-κB p65 levels in nuclear protein extracts were significantly decreased by the administration of COMP-Ang1. In contrast, the levels of NF-κB p65 protein in cytosolic protein fractions from lung tissues were decreased at 12 h after H 2 O 2 inhalation as compared with the levels in the control mice. The decreased NF-κB p65 protein levels in cytosolic protein fractions from lung tissues were substantially increased by the administration of COMP-Ang1.
Effect of COMP-Ang1 on TNF-α and IL-1β protein expression in BAL fluids and lung tissues of H 2 O 2 -inhaled mice
Western blot analysis showed that TNF-α and IL-1β protein levels in lung tissues were increased significantly at 12 h after the last inhalation of H2O2 compared with the levels in the control mice ( Figure 5A and B) . The increased TNF-α and IL-1β protein levels were significantly reduced by the administration of COMP-Ang1. Consistent with the results obtained from the Western blot analysis, enzyme immunoassays revealed that levels of TNF-α and IL-1β protein in BAL fluids were increased at 12 h after the last inhalation of H2O2 compared with the levels in the control mice ( Figure  5C ). The increased TNF-α and IL-1β levels were decreased significantly by the administration of COMP-Ang1. 
Effect of COMP-Ang1 on IL-4 protein levels in BAL fluids and lung tissues of H2O2-inhaled mice
Western blot analysis showed that IL-4 protein levels in lung tissues were increased significantly at 12 h after the last inhalation of H2O2 compared with the levels in the control mice ( Figure 6A and B). The increased IL-4 protein levels were significantly reduced by the administration of COMPAng1. Consistent with these results, an enzyme immunoassay revealed that levels of IL-4 protein in BAL fluids were increased at 12 h after the last inhalation of H 2 O 2 compared with the levels in the control mice ( Figure 6C ). The increased IL-4 levels were decreased significantly by the administration of COMP-Ang1.
Effect of COMP-Ang1 on ICAM-1 and VCAM-1 protein expression in lung tissues of H 2 O 2 -inhaled mice
Western blot analysis showed that ICAM-1 and VCAM-1 protein levels in lung tissues were increased significantly at 12 h after the last inhalation of H2O2 compared with the levels in the control mice (Figure 7) . The increased ICAM-1 and VCAM-1 protein levels were significantly reduced by the 
Effect of COMP-Ang1 on pathological changes of H2O2-inhaled mice
Histologic analyses of the lung tissues revealed that numerous inflammatory cells infiltrated around the bronchioles and mucus and debris had accumulated in the lumen of bronchioles at 12 h after the last inhalation of H2O2 ( Figure 8B ) as compared to the control ( Figure 8A ). Mice treated with COMP-Ang1 ( Figure 8C ) showed marked reductions in the infiltration of inflammatory cells in the peribronchiolar region and the amount of mucus and debris in the airway lumen.
Effect of COMP-Ang1 on airway hyper-responsiveness
Airway responsiveness was assessed as a percent increase of R rs in response to increasing doses of methacholine. In H 2 O 2 -inhaled mice, the dose-response curve of percent R rs shifted to the left compared with that of control mice (Figure 9 ). In addition, the percent R rs produced by methacholine administration (at doses from 25 mg/ml to 50 mg/ml) increased significantly in H 2 O 2 -inhaled mice compared with the controls. H 2 O 2 -inhaled mice treated with COMP-Ang1 showed a doseresponse curve of percent R rs that shifted to the right compared with that of untreated mice. These results indicate that COMP-Ang1 treatment reduces H 2 O 2 -induced airway hyper-responsiveness.
Discussion
Despite recent advances in mechanical ventilation and a better understanding of the underlying inflammatory pathophysiology of acute lung injury, there are few effective treatments for this devastating illness. Oxidative stress has been shown to play critical roles in lung inflammation, including vascular leakage, which is a hallmark of acute lung injury (MacNee, 2001) . Moreover, angiogenic growth factors are shown to play a role in the pathophysiology of a murine model of acute lung injury (Karmpaliotis et al., 2002) . Our present study with the H 2 O 2 -induced murine model of acute lung injury revealed that COMP-Ang1, which is more potent than native Ang1 in phosphorylating the Tie2 receptor in endothelial cells (Cho et al., 2004) , reduced H 2 O 2 -induced pulmonary inflammation, increased secretion of IL-4, TNF-α, IL-1β, ICAM-1, VCAM-1, and VEGF in lungs, airway hyper-responsiveness to methacholine, and increased vascular permeability. These findings suggest that COMPAng1 can attenuate the pathophysiological features of ROS-induced lung injury in mice.
Recently, we have reported that an increase in vascular permeability in a murine model of airway inflammation is associated with bronchial inflammation and airway hyper-responsiveness (Lee, et al., 2002b) . In addition, a previous study has demonstrated that Ang1 decreases plasma leakage by reducing number and size of endothelial gaps in airway inflammation of mice (Baffert et al., 2006) . In this study, we have found that amounts of plasma extravasation were greatly enhanced after the H 2 O 2 inhalation in the murine model of acute lung injury. Interestingly, administration of COMPAng1 reduced the lung inflammation, airway hyperresponsiveness, and vascular leakage. These results suggest that administration of COMP-Ang1 decreases the pulmonary inflammation and bronchial hyper-responsiveness in ROS-induced acute lung injury by inhibiting vascular permeability. Increased vascular permeability causes leakage of intravascular components, including plasma extravasation. Although the pathogenesis of acute lung injury induced by plasma extravasation is not clearly defined, plasma protein leakage has been implicated to play a role in the induction of a thickened, engorged, and edematous airway wall, resulting in the airway luminal narrowing. Exudation of plasma proteins into the airways correlates with bronchial hyper-reactivity ( Van de Graaf et al., 1991) . It is also possible that the plasma exudates may readily pass the inflamed mucosa and reach the airway lumen through leaky epithelium, thus compromising epithelial integrity and reducing ciliary function and mucus clearance (Persson, 1996) . Though some investigators have described a role for Ang1 in promoting chemotaxis and migration of leukocytes in vitro (Feistritzer et al., 2004; Lemieux et al., 2005) , Ang1 has also been shown to reduce leukocyte trafficking in inflammation through the modulation of various inflammatory mediators Witzenbichler et al., 2005) . Cytokines, adhesion molecules, and VEGF are involved in the chemotactic responses for leukocytes (Montefort and Holgate, 1991; Moser et al., 1992; Seder et al., 1992; Lee et al., 2002b) . Moreover, cytokineinducible leukocyte-endothelial adhesion molecules are important players for the recruitment and migration of leukocytes to the sites of inflammation (Montefort and Holgate, 1991) . Expression of ICAM-1 or VCAM-1 is regulated by cytokines such as TNF-α, IL-1β, and IL-4 (Osborn et al., 1989; Hirata et al., 1998) . In addition, IL-4 is shown to induce lung inflammation by promoting T-helper type 2 cell differentiation, IgE synthesis and its receptor up-regulation, and airway hyper-secretion beyond VCAM-1 expression (Moser et al., 1992; Seder et al., 1992) . In the present study, we have found that levels of IL-4, adhesion molecules (ICAM-1 and VCAM-1), TNF-α, IL-1β, and VEGF in lungs were increased after H 2 O 2 inhalation and that administration of COMP-Ang1 inhibited the increase in these protein levels. Decrease in the expression of ICAM-1 and VCAM-1 proteins may be partly due to the reduced TNF-α, IL-1β, and IL-4 levels in the lungs. Hence, these results strongly indicate that COMP-Ang1 modulates inflammatory cell migration by reducing expression of ICAM-1 and VCAM-1 and possibly also by suppressing expression of TNF-α, IL-1β, and IL-4. Taken together, these observations suggest that COMP-Ang1 can decrease airway inflammation/injury by reducing chemotactic effects on leukocytes as well as by inhibiting the increase of vascular permeability in ROS-induced acute lung injury.
ROS are shown to induce VEGF expression in vitro and in vivo (Kuroki et al., 1996) . VEGF increases vascular permeability, resulting in the leakage of plasma proteins into the extravascular space, which leads to edema and profound alterations in the extracellular matrix. Previous studies have shown that overproduction of VEGF is associated with an augmentation of vascular permeability and plasma exudation in a murine model of pulmonary inflammation, which induces overproduction of ROS in the airways (Lee et al., 2005 (Lee et al., , 2006 . In this study, we have found that expression of VEGF protein was upregulated and vascular permeability was also increased and that there was a close correlation between VEGF levels and vascular permeability in H 2 O 2 -induced acute lung injury. Administration of COMP-Ang1 to H 2 O 2 -inhaled mice reduced the increased vascular permeability and VEGF levels in the lungs. These results suggest that oxidative stress is associated with the upregulation of VEGF expression and that treatment of COMP-Ang1 decreases the vascular permeability by inhibiting the upregulation of VEGF expression. Activation of hypoxia-responsive genes including VEGF is mediated by HIF-1, a heterodimeric basic helix-loop-helix-PAS domain transcription factor (Semenza, 1997) . HIF-1 is composed of two subunits, HIF-1α and HIF-1β. Whereas the β-subunit protein is constitutively present, the stability of the α-subunit and its transcriptional activity are precisely controlled by the intracellular oxygen concentration (Ivan et al., 2001) . Determination of HIF-1α protein level in nuclear extracts has revealed that this protein level was substantially increased in our present H 2 O 2 -inhaled animal model, indicating that HIF-1 is activated. Several reports have shown that increase of PI3K/Akt activity can activate the HIF pathway (Li et al., 2003; Mottet et al., 2003) . Li et al. (2003) have also reported that activation of Akt turns on HIF-1α independently of hypoxia. In addition, ROS have been shown to stabilize HIF-1α during hypoxia and/or non-hypoxia (Chandel et al., 2000) . We have previously demonstrated that HIF-1α protein levels increased after H 2 O 2 inhalation were decreased significantly by administration of PI3K inhibitors and that an HIF-1α inhibitor significantly reduced the increase of VEGF expression in lungs of H 2 O 2 -inhaled mice (Lee et al., 2006) . In addition, administration of antioxidants, L-2-oxothiazolidine-4-carboxylic acid and α-lipoic acid, markedly attenuates augmentation of PI3K activity, nuclear HIF-1α levels, and VEGF levels in a murine model of ROS-induced lung injury (Lee et al., 2005 (Lee et al., , 2006 . Consistent with the previous findings (Lee et al., 2006) , present results have revealed that Akt phosphorylation and PI3K activity in lung tissues and HIF-1α protein levels in nuclear extracts were increased after H 2 O 2 inhalation and that the administration of COMP-Ang1 attenuated the augmentation of PI3K activity and nuclear HIF-1α levels. These findings suggest that COMP-Ang1 modulates HIF-1α action through PI3K/Akt pathway, thereby decreasing VEGF expression and vascular permeability increased in ROS-induced murine model. NF-κB is expressed in most cell types and is considered a pivotal transcription factor in inflammatory processes (Barnes and Karin, 1997) . NF-κB is activated by a wide variety of cellular stress and stimuli and is very sensitive to oxidants (Barnes and Karin, 1997) . ROS have been directly implicated as second messengers in the activation of NF-κB, based upon the ability of oxidants to activate NF-κB by oxidation of its cysteine sulfhydryl group or by ubiquitination and proteolysis of IκB (Rahman and MacNee, 1998) . The activated NF-κB subsequently translocates into the nuclei where it regulates expression of a variety of inflammatory genes such as cytokines, chemokines, adhesion molecules, and growth factors. In addition, NF-κB is involved in the regulation of VEGF expression (Tong et al., 2006) . Several studies have demonstrated that NF-κB activation by ROS increases expression of VEGF and VEGF receptor (Chua et al., 1998; Gonzalez-Pacheco et al., 2006) . In our present H 2 O 2 -induced acute lung injury model, NF-κB levels in nuclear protein extracts were substantially increased, showing that NF-κB is activated and administration of COMP-Ang1 suppressed NF-κB activation induced by H 2 O 2 -inhalation. These findings are consistent with previous reports that Ang1/Tie2 signaling inhibits upregulation of NF-κB activity (Hughes et al., 2003; Lee et al., 2007) . Together, we suggest that one likely mechanism of H 2 O 2 -mediated increase in vascular permeability is upregulation of VEGF gene expression by NF-κB activation and that COMP-Ang1-mediated reduction of vascular permeability and VEGF expression is partly due to inhibition of NF-κB activation.
In the present study, we have examined the effect of COMP-Ang1 in a murine model of H 2 O 2 -induced acute lung injury/inflammation including vascular permeability. Our data have revealed that COMP-Ang1 ameliorates H 2 O 2 -induced pathophysiological features such as acute lung inflammation, vascular leakage, and airway hyper-responsiveness via modulating the expression of various cytokines and VEGF beyond its own effect of enhancing vascular integrity. We have also demonstrated that the effects of COMP-Ang1 on ROSinduced acute lung injury may be at least partly through the regulation of activation of HIF-1α and NF-κB. Therefore, this study provides a rationale that use of COMP-Ang1 can be a recommendable therapeutic strategy for the treatment of oxidative stress-induced lung disorders.
